ABSTRACT.Effects organic mercurials (PCMBS, PCMB, mersalyl) an alkylating reagent (NEM), disulphide reagents (DTP, CPDS) and the dithiocarbamate agent DSF (disulfiram) were studied in hepatocyte culture. Cytotoxicity, was on a high level (organic mercurials), moderate (NEM, DTP), or none (DSF, CPDS). The organic mercurials and NEMinduced glutathione depletion. Disulphide compounds were detoxified by metalJothionein binding. Organic mercurials inhibited the cellular glucose uptake. The most prominent effect of NEM, DTPand DSFwas an inhibition of the TCA-cycle. The hepatocellular BSP metabolism was delayed by all tested compounds. Albumin synthesis was stimulated by pyruvate and blocked by PCMBand PCMBS,by inhibiting the hepatocellular amino acid uptake. Phase I and II biotransformation reactions were inhibited by PCMBS and PCMBby direct binding to Cyt. P450 cysteinyl-residues and active sites of UDP-glucuronyltransferases. DSF probably reacts by diminishing the availability of the co factor NADPH. Isolated ALDH(EC 1.2.1.3) was inhibited by all studied compounds. In cellular systems, DSF and the organomercurials inhibited ALDH,thereby reducing the cell's capacity of ethanol catabolism. All tested compounds showed, in low doses, the anabolic ability of insulin mimicking, as demonstrated in a balanced endocrine in vitro testsystem. Morphology. Exposure to NEM,DTP, CPDS, DSF did not result in any morphological alterations in the cell cultures. However, an exposure to PCMBSand PCMB, resulted in extensive bleb-formation, as a result of SHgroup blocking at the cell's outer membrane. It can be concluded, that cultured hepatocytes from human or rat origin, resist an exposure to alkylating and disulphide SH-reagents up to relatively high dose (1.0 mM). However, organic mercury compoundstriggered an extensive bleb formation, as a result of SH-blocking, thereby disturbing the osmotic balance by blocking Na+/K+carriers. Of all tested reagents, organic mercury compounds arose as the most toxic reagents.
Hepatocytes in short-term and primary cultures are now being widely used in toxicological studies and offer many advantages, in studying the hepatic metabolism of endogeneous substances and xenobiotics (3-12, 14-17, 29, 33, 35) . Cell membranes are intact, a relatively pure cell population can be isolated and the culture medium is in direct contact with the cells and replicate experiments can be performed, using genetically identical material. In addition to biochemical analysis, phasecontrast microcopy and electron-microscopical analysis, are interesting additional techniques. The purpose of the present study, is to describe toxicological data of SH-reagents. Effects of organic mercurials (PCMBS, PCMB, mersalyl) an alkylating reagent (NEM), disulphide reagents (DTP, CPDS) and the dithiocarbamate reagent DSF (disulfiram), were studied in vitro. Effects were compared with standard inhibitors of the physiological parameters studied. As a biological system, rat hepatocyte short term and primary cultures were used as well as humanhepatocyte primary cultures, sub-cellular incubation and cell-free systems. On a higher level of biological organization, in situ per fused total rat livers were exposed to SH-blocking reagents (4) . On lower levels of biological organization the role of SH-groups in insulin receptor configuration and functioning was studied (6, 12, 16, 17) . In addition to biochemical analysis, phasecontrast and electronmicroscopical techniques were performed (Photos. 1-4). It can be concluded that of the studied reagents, organic mercury compoundsshowedthe highest degree of toxicity, demonstrating significant effects in almost all tested physiological parameters. Cell exposure to the di- University, The Netherlands.
(6,6'-dithiodinicotinic acid) did not result in any significant alteration, except for insulin mimicking. This observed relative CPDSnon-toxicity is in accordance with findings of Grassetti, describing the use of 6,6'-CPDS, as a relatively non-toxic, tumourgrowth retarding, antimetastatic and immune modulating reagent (18, 28, 34) .
MATERIALS AND METHODS
Cell isolation from rat livers. Male wistar rats (body wt. 160-240 gram), bred in our laboratory, were used in these studies. The animals had free access to water and food (Stand- ard Laboratory Food, Hope Farms, Woerden, The Netherlands). The animals were anesthesized by i.p. injection of pentobarbital (NembutalR) at a dose of 120 mg/kg body wt. between 8.30 and 9.00 a.m. Hepatocytes were isolated, using a two step per fusion technique, essentially as described by Seglen (35 After a pre-incubation with sulphydryl reagents at equal concentrations, the amount of free SH-groups of metallothionein was measured using DTNBafter 5 min. (open bars) and 30 min (shaded bars). Results are means±SD(n=9 incubations). Student's t-test was used to calculate the significance of differences. * p<0.05; ** p<0.01.
age from the cells (ll). However, an exposure to 1.0 mMof these SH-reagents resulted in considerable loss of cell viability. Organic mercury compounds inhibited the LDHenzyme. The trypan-blue exclusion viability test therefore was used in experiments, studying organic mercury toxicity. Cell exposure to 1.0mM CPDS or DSF, did not result in any loss of cell viability (3, 5, ll) . Effects of chemicals on cell functioning were studied in concentration range of 0-250 ftM (hepatocyte shortterm cultures) and 0-100 fiM (hepatocyte primary cultures), being the range of xenobiotic exposure without the occurrence of any loss of cell viability (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Energy metabolism. Without affecting the cell viability, PCMBS, PCMB, mersalyl, NEM, DTP and DSF were found to decrease glycogen levels in hepatocyte short-term cultures whereas the disulphide exchanging reagent CPDSdid not deplete this endogeneous energy reserve. Lactate and pyruvate levels were decreased by the organic mercury compoundswhereas NEM, DTP and CPDSstimulated the formation of lactate, without affecting pyruvate levels. The hepatocellular oxygen consumption slightly decreased by exposure to SH-reagents. ATP levels remained unaltered, during SH-reagent exposure. In conclusion, organic mercury compounds were found to react especially with SH-groups Interference with BSP clearance. Isolated rat hepatocytes metabolize bromosulfophtalein (BSP), resulting in the formation and excretion of bromosulfophtaleinglutathione (BSP-GSH) conjugates (29, 33 ). Pre-incubation of BSP-metabolizing cells with PCMBS, PCMB, mersalyl, NEM, DTP and DSF resulted in decreased formation of BSP-GSHconjugates, as observed after 15 minutes of incubation. However, after 60 minutes of incubation, the inhibition of conjugate formation was nearly abolished. Thus, the hepatic BSP metabolism could be delayed, but not blocked by these compounds. and PCMB.Thus, of the studied compounds, only PCMBSand PCMBSdemonstrated a negative interference with the hepatic albumin production, probably by inhibiting the cellular uptake of amino acids Pyruvate as an energy substrate may be helpful in diminishing this mercury toxicity (Figs. 2, 3 , Table II, III) . Interference with biotransformation reactions. Cultured rat hepatocytes exhibit Phase I and Phase II Biotransformation reactions and present a convenient model for studying the interference of chemicals with biotransformation reactions. Of the studied compounds, the organic mercury compoundsPCMBS and PCMB were the most effective inihibitors of aniline 4-hydroxylation, probably reacting by direct binding to cysteinyl-SH of the cytochrome P450-apoenzyme and UDP-glucuronyl transferases (7, 8, 9) . The importance of the secondary structure of organic mercury compounds,was most clearly demonstrated by the fact that mersalyl did not interfere with biotransformation reactions. DSFinhibited biotransformation reactions, probably indirectly, through diminishing the availability of the co-factor NADPH,by interfering with NADPH-generating pathways (7, 9).
EFFECTS ARE COMPARED WITH EFFECTS OF STANDARD INHIBITORS (STINH). REFERENCES ARE INDICATED (BETWEEN BRACKETS
Interference with ethanol catabolism (ALHD, EC 1.2.1.3.).
Acetaldehyde dehydrogenase (ALDH, EC 1.2.1.3.) is involved in the metabolism of ethanol by catalyzing the formation of acetate from acetaldehyde. The most prominent characteristics of ALDHare susceptibility to various inducers and modulation by sulphydryl reagents. Most studies with ALDHconsider the isolated enzyme or studies in vivo. By contrast, in studies, using intact cells as functional biological units, the in vitro effects of chemicals can be investigated excluding the homeostatic control mechanisms of the animal, but maintaining cellular protection mechanisms and the enzyme's physiological micro-environment. Although all studied compounds potentially inhibited ALDH, 100 fxM DTP, CPDSand NEMcould not attack the enzyme in intact cells (10) . Cellular protection systems obviously play an important role in protecting the enzyme in its physiological environment. However, exposure of cultured rat hepatocytes to 100/iM DSF, PCMBS, {Received for publication, February 13, 1996 and in revised form, June 4, 1996) 
